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According to the original view of the discoverers the Wassermann 
reaction was considered, in analogy to the common serological reac- 
tions, as being caused by antibodies specific for the infecting micro- 
organisms.  This view became doubtful and was abandoned  by most 
authors when it was shown  that  syphilitic sera react with alcoholic 
extracts of organs, presumably with lipoids present in these extracts 
(1-3).  The  use  of  extracts  of  normal instead  of  syphilitic  organs 
(1)  has since been accepted almost generally for the technique of the 
Wassermann reaction.  Several main hypotheses have been advanced 
in order to explain the formation and properties of the Wassermann 
reagins.  Some authors believed that the action of the syphilitic sera 
was  due  not  to  immune bodies  but  to  non-specific changes of  the 
serum proteins.  Others  regarded, the  reagins  as  antibodies  formed 
either  by  autoimmunization  with  lipoidal  substances  from  the  in- 
fected  organism  or  with  lipoids  derived  from  the  spirochetes  (cf. 
Bergel).  In  the latter  case one had  to  assume that  the antibodies 
produced act  not  only upon  the homologous antigen  but also upon 
lipoids of very different origin. 
The hypotheses implying an immunization against lipoids met with 
the difficulty that the attempts to induce the formation of antibodies 
by injection  of lipoids,  as  a  rule,  did  not  yield clear-cut and  con- 
sistent  results.  In  the positive  experiments recorded there was  no 
certainty as  to  the absence of small quantities of antigenic proteins 
in  the  material injected  or  else  the  amount  of antibody  formation 
was  rather  insignificant.  I 
1  Regarding the antigens of blood corpuscles  see "On the  antigens of red blood 
corpuscles.  The question of lipoid antigens," by K. Landsteiner and J. van der 
Scheer, J. Exp. Med., 1925, xli, 427. 
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A  new  impulse  was  given  to  the  study  of  lipoid  antigens  by 
the  work  on  the  Forssman's  heterogenetic  reaction.  It  led  to 
the view that Forssman's antigen has a  complex constitution and is 
composed of a  specific part binding but not immunizing, which part 
can be extracted by alcohol, and of a protein responsible for the im- 
munizing  effect  (4--6).  Moreover  by  means  of  a  special  method 
regular results in  the immunization with alcoholic extracts of Forss- 
man's  antigen  (horse kidney)  could be obtained  (5,  7).  These ex- 
tracts  became antigenic when mixed with protein solutions such as 
human or pig serum, although in  themselves they lack this property 
or exhibit it to a  very small degree only.  The case of the Forssman 
antigen  is  not  exceptional as was  shown  by  the application  of the 
same  method  to  the  alcoholic  extracts  of  erythrocytes  (8).  Evi- 
dently the findings reported suggested the view that the antigen opera- 
tive in  the production of Wassermann reagins may possibly be of a 
complex  structure  analogous  to  that  of  the  heterogenetic  antigen 
(5,  p.  305). 
The statement made by Taniguchi  (9)  that  animals  treated with 
Forssman's  antigen  may  develop  Wassermann  reagins  beside  the 
hemolytic antibodies offered no satisfactory explanation since organs 
free from Forssman antigen did not produce a  like effect in his  ex- 
periments. 
Sachs, A. Klopstock and Weil (10)  emphasized a hypothesis related 
to that of Citron.  They assume that the change in the serum is due 
to the action of a  combination of lipoids of the tissues with proteins 
of the spirochetes.  The authors actually were able to show that, in 
analogy to the experiments on heterogenetic antigen, after injections 
,of alcoholic extracts of rabbit organs along with pig serum into rab- 
bits  the  sera  of  the  animals  became Wassermann-positive. 
The idea that the microbes contain the antigen responsible for the 
~:haracteristic alteration of the serum was examined by F.  Klopstock 
(11)  and by ourselves (12).  In Klopstock's experiments the Wasser- 
mann-positive  sera  were  got  by  injections  with  killed  Spirochxta 
pallida, in  ours  with  killed  Trypanosoma equiperdum.  The  use  of 
Irypanosomes for  the  study  of  the  Wassermann  reactions  is  war- 
ranted by the fact that infections with trypanosomes often result in 
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apparently  equivalent  to  that  of  syphilitic  sera.  The  occurrence  of 
these  reactions in  rabbits  seems  to  vary  considerably  with  different 
strains of trypanosomes according to our  experience.  (See  Browning 
and McKenzie  (15).) 
The  results  of our investigation  briefly described in  a  preliminary 
communication  (12)  are given  more  fully in  the  present  paper. 
EXPEI~  ~'~NTAL. 
Rabbits were injected with a  suspension of dead trypanosomes (Trypanos.oma 
equiperdum) prepared as follows: Citrated blood taken from rats at  the height 
of the infection was diluted with an equal volume of saline and the erythrocytes 
sedimented by gentle spinning.  The supernatant fluid and the resuspended white 
layer on top of the blood corpuscles were joined and the trypanosomes sedimented 
by vigorous centrifugalization.  The  sediment was washed once with  about  25 
times its volume of saline.  A suspension was made with about 4 cc. of saline for 
every rat used.  This turbid fluid was rich in live trypanosomes and contained 
few blood cells when examined microscopically.  After addition of one-twentieth 
of its volume of 5 per cent phenol it was kept in the ice box overnight.  By that 
time the microbes were largely disintegrated.  No infections with trypanosomes 
occurred upon administration of even large doses of this material. 
The strain of trypanosomes employed was of low virulence for rabbits, that is, 
a very chronic disease developed.  The lesions, however, were intense and typical. 
In all the experiments special care had  to be taken in selecting the animals 
owing to the frequent occurrence of positive reacting sera in stock rabbits.  There- 
fore the sera were tested with the flocculation method and the complement fixa- 
tion with cholesterolized beef heart extract and with emulsions of commercial egg 
lecithin  (Merck).  The  animals were  used  only if  these  tests were  completely 
negative,  or,  in  some  cases,  gave  very weak  reactions ~vith  the  Sachs-Georgi 
method with serum diluted 1:2.  In  order  to  pick out  enough  rabbits for  the 
experiments the selection had to be made from a rather great number of animals. 
Wassermann Tests.--To  0.25  cc. of progressively doubled dilutions of inacti- 
vated serum starting with 1 : 5 was added 0.25  cc.  of an  emulsion of cholesterol- 
ized beef heart extract and 0.25 cc. of 1:10 guinea pig serum.  After incubation 
for 1 hour at 37°C. 0.25 cc. of diluted sheep  blood immune  serum containing 21 
to 3 hemolytic units and 1 drop of 50 per cent sheep blood were added. 
The antigen was prepared by extracting beef heart with 5 volumes of alcohol 
95 per cent and adding 0.06 of the volume of a  1 per cent alcoholic solution of 
cholesterol.  From this an emulsion was made by adding first 1 volume and after 
about 10 seconds 4 volumes of saline solution. 
Sachs-Georgl Tests.--0.2  cc.  of the  inactivated serum  diluted  1:2  and  1:10 
were mixed with  0.2  cc.  of the  emulsion of cholesterolized beef  heart  extract. 
The tubes were kept at 37~C.  for 2 hours and at room  temperature  overnight. 468  WASSERMANN  REAGINS  PRODUCED  BY  TRYPANOSOMES 
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Lecithin Tests.--For the complement fixation 1 part of a  ½ per cent  alcoholic 
solution of egg lecithin Merck was emulsified by fairly rapid addition of 24 parts 
of saline solution.  The fluid is opalescent.  The complement fixation tests were 
made as described above.  This way of preparing the emulsion was found neces- 
sary to avoid reactions with normal sera. 
For  the flocculation tests  (with  inactivated serum 1:2)  the emulsion was pre- 
pared by  rapid  addition  of 5 parts  of saline solution to  1 part  of a  ½ per cent 
TABLE  II. 
Sera  ~f Rabbits  Infected  with  Trypanosomes  Tested  1 Month  after  the  Infection 
No.  Sachs 
of 
ani-  Georg 
floccu 
rnals  latiox 
with 
serun 
Jilute 
1:2 
9 
10 
11 
12 
13 
14 
15 
:fort 
fec. 
ion 
0 
0 
0 
0 
0 
-4- 
0 
1 mo. after the infection with trypanosomes 
Wassermann 
reaction  with 
cholesterolized 
beef  heart  extract 
O,O,O,O,str,c 
RC)aC)aC)C 
str,str,ac,c 
0,0,0,ac,c 
str,str,vstr,c 
0,0,0,tr,c 
O,O,vstr,c 
Sachs-Georgi 
flocculation 
with serum 
diluted 1: 
2  10 
+++  ~-~ 
+4-  0 
+  ftr 
+++  + 
i+4-  4- 
i++±  + 
+  tr 
Complement  fixation 
with lecithin 
O,O,O,str,c 
c)e)c 
O,O,c 
O,O,ftr,ac,c 
w)O)w)ac)ac)c 
0,0,0,0,ac,c 
0,0,vstr,c 
Floccu- 
lation 
of  Complement fixation 
lecithin  with alcoholic extract 
with  of trypanosomes 
serum 
diluted 
1:2 
++4-  tr,d,str,c 
4-  vstr,vstr,ac,ac 
+4-  vstr,vstr,ac,ac 
++4-  tr,tr,str,vstr,c 
++  ac,ac,c 
++  str,str,vstr,ac,c 
+4-  vstr,ac,ac,c 
Normal Rabbits. 
B  c,c)c)C  0  ac)c,c)c  0  c)c)c)c 
The tests  recorded in Tables I  and II were made on the same day and with 
the  same  emulsions.  For  comparison  the  reactions  of  sera  of  normal  rabbits 
are  recorded. 
solution of the lecithin.  The readings were taken  after 20 hours at room tem- 
perature. 
Tests  with  Trypanosome  Extract.--1  volume of the  packed  microbes was  ex- 
tracted 24 hours with 25 parts of 95 per cent alcohol.  The filtered solution was 
emulsified by fairly rapid addition of 5 parts of saline solution and the emulsion 
was used for complement fixation as in the Wassermann tests. 
The strength of the reactions in these tests is indicated as follows: Hemolysin 
tests--0  =  no hemolysis, ftr  =  faint trace, tr  =  trace, w  =  weak, d  =  distinct, 470  WASSERMANN  ILEAGINS  PRODUCED  BY  TRYPANOSOMES 
TABLE  III.--8 Rabbits Were Injected with Dead  Trypanosomes on April 24, 30,  and May  5, 
May 5 
.i 
"8 
16 
17 
18 
19 
20 
21 
22 
23 
).~2 
C)C)C)C 
C,C)C)C 
C)C)C)C 
C,C,C)C 
C)C)C)C 
C)C)C)C 
C)C,C)C 
C,C)C,C 
.~ 
~'~, 
0 
0 
0 
tr 
0 
ftr 
0 
0 
Before injectmn  After 2 injections  with dead try 
~.~  "~'~ 
~.~  ~'~= 
C)C)C~C  0 
C,C)C)C  0 
C)C)C)C  0 
C,C)C)C  0 
C,C,C)C  0 
C)C)C)C  0 
C,C,C)C  0 
C)C)C~C  0 
~.~..~ ~, 
&C)C,C,C 
C)C)C)C 
C)C)C)C 
C,C,C,C 
C,C)C)C 
aC)C)C)C 
C)C)C)C 
C)C)C)C 
cJ~ 
~.£~ 
vstr,ac,c 
O,O,w,c 
d,str,c,c 
vstr,ac,c 
O,O,d,c 
0,0,0,d,c 
0,0,w,aC,C 
d,w,vstr,ac 
.. =  ~.B 
too  .. 
e~ m 
2  10 
tr  0  ac,ac,c 
4-+-4-  -4-  c,c,c 
4-  0  ac,c,c 
4-  0  C)C)C 
+  tr  vstr,  ac,c 
4-4-4- 4-4-  ac,ac,c 
4-+4-  +  ae,e,c 
ftr  0  e,e,e,c 
Normal  Rab 
C  ]  c,c,c  0  01  ac,e,e 
D 
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,'qth Doses Corresponding to 6 or 7 Mg. Dry Weight of Trypanosomes.  The Tests Were Made  on 
and 13. 
panosomes (after 11 days) 
-#, 
o'~ 
~..~ 
o 
tr 
0 
0 
0 
0 
0 
0 
~'~a 
~.~.~. 
O~w~ac~c 
O,O,w,vstr 
O,tr,vstr,c 
str,vstr,d 
O,O,d,ac,c 
O,O,O,str,c 
O,O,tr,c 
tr,str,c* 
After 3 injections with dead trypanosomes (after 19 days) 
5~ 
~'~ ~,.~ 
O,O,O,O,O,ftr,ac,c 
O,O,O,O,O,O,vstr,ac 
O,O,O,O,str,c,c 
O,O,O,O,vstr,c 
O,O,O,O,vstr,c 
O,O,O,ftr,ac,c 
O,O,O,O,O,O,d,ac 
str,d,vstr,ac,c 
.~.. 
~'~ 
2  10 
++  ++~ 
+-4-+ +-4-+ 
+++  +-I-~ 
++÷2 +: 
+++  ++a: 
++-I- ++-4- 
ftr  0 
C~C,C,C 
C,C,aC,~ 
C~C~C~C 
C,C,C,C 
C,C,C,C 
C,C,C,C 
C,C,C,C 
C,C,C,C 
g~-.. 
0 
L 
d= 
0 
0 
tr 
0 
~'~0 
O,O,O,O,w,vstr,ac 
O,O,O,O,O,w,ac 
O,O,tr,vstr,c 
O,O,str,ac,c 
O,O,d,ac,c 
O,O,O,O,w,c 
O,O,O,O,ftr, vstr,c 
O,O,O,vstr 
bit Sera 
0  c,c,c  c,c,c  0  I  0  Ic,c,c  0  I c,c,c 
ac,c,c  0  0  C,C,C  0  C,C,C 0 
,g 
r.~  ° 
t..*  0 
~'~.~'~ 
~0~ 
dd~ 
dd,~  d~d~ 
"~ =  +~  ~  .~  7~  +  + 
~+,~ 
+ 
.~ .~ = 
~~~~ ~-~ 
~~ 
~  .-~ ~  ~_~ ~.~  ~  ~  .. 
~'~ ~ 
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str  =  strong, vstr  =  very strong, ac =  almost complete, c  = complete hemolysis. 
Flocculation tests--0 = no flocculation,  ftr =  faint trace, tr  =  trace; 4-, +, + +, 
+++,  etc. 
In all experiments positive sera  of known  strength  and  negative ones  were 
used as a  control. 
In  our  first  experiments  7  rabbits  were  infected  by  injection  of 
1 cc., 50 times  diluted  blood  from  an  infected  rat,  and  8  rabbits  re- 
TABLE  V. 
Human Syphilis Sera. 
Nos. 
of the 
sera 
51 
Ss 
$3 
$4 
$5 
$8 
Wassermann reaction 
wtth  cholestcrolizcd 
beef heart extract 
O,O,O,O,w,vstr,c 
O,O,O,O,tr,d,str 
O,w,vstr,c 
O,tr,ac,c 
0,0,0,d,c 
0,0,0,d,c 
Sachs-Georgi 
tests with serum 
diluted 1  : 
2  I0 
[-++-4  ++- 
+7  %+++÷ 
+++  ++ 
Complement 
fixation with 
lecithin 
&C,C)C,C 
C)C)C,C 
vstr,vstr,ac,c 
C,C,C,C 
C)C)C)C 
C)C)C,C 
'loccu 
afion 
of 
.~cithil 
with 
,erum 
iilute( 
1:2 
-4- 
+ 
-4- 
+ 
Complement  fixation 
with alcoholic  extract 
of trypanosomes 
str, d, str, vstr  ) ac 
ac,vstr,ac,c 
C,C)C,C 
vstr,ac,c 
RC)RC)C 
50 
51 
52 
53 
54 
55 
O,O,O,w,ac,ac 
0,0,w,ac 
O,O,w,c 
O)ac)c)c 
O,O,O,tr,vstr,ac 
O,O,tr,vstr,vstr 
Rabbit Sy ~hilis Sera. 
tr,str,c,¢  +++  [++4- 
+++1  ± 
++±  [++4- 
+++  + 
O,O,d,ac,c  +  -4- 
tr,str,c  +~+ 
O,tr,str,a¢ 
d,str,c 
0,tr,str,ac,c  +  4- 
0,tr,vstr,ac,c 
O,O,tr,vstr,ac 
ftr,ftr,d,vstr,c 
ceived every 4  to  7  days intravenous injections of 31 cc. of an emul- 
sion of killed trypanosomes, containing 6  to  7 mg. of dry material. 
Table  I  shows  that  with  dead  trypanosomes  the  sera  of  7 
of  the  8  animals  turned  positive  in  the  Wassermann  and  Sachs- 
Georgi  reaction.  In  most  cases  the  reactions  were  strong  already 
after 3  to 4 injections.  In one case the serum was weak in the Was- 
sermann  reaction  although  distinctly  positive with  trypanosome ex- 
tract and in  the  Sachs-Georgi reaction.  In  the infected animals the 474  WASSERMANN  REAGINS  PRODUCED  BY  TRYPANOSOMES 
results were less regular, especially as regards the Wassermann tests, 
while the lecithin reactions were positive in all cases but one (Table II). 
The changes in  the reaction during the course of the experiments 
and also the differences between the various sort of antigens will be 
referred to later. 
TABLE VI.--Rabbits Injected 
No. of days after  the  first} 
No.  injection  .......  11 
of ani- 
mals  , No. of injections  ..............  2 
16 
11 
2 
17  O,O,w,c 
++4- 
0,0,w,vstr 
11 
2 
18 
Wassermann  reaction.,  vstr,ac,c 
Sachs-Gcorgi  with 
serum diluted I  :  2  ....  tr 
Complement  fixation 
with  trypanosome 
alcoholic extract  .....  0, w, ac, c 
No.  of days after the  first.'(f 
injection  ...... 
No. of injections  ...... 
Wassermann  reaction. 
Sachs-Georgi  with 
serum diluted 1: 2... 
Complement  fixation 
with  trypanosome 
alcoholic extract  .... 
No,  of days after  the  first 
rejection  ............ 
No, of injectiom  ............ 
Wassermann reaction.,  d,str,c,c 
Sachs-Georgi  with 
serum diluted 1: 2...  + 
Complement  fixation 
with  trypanosome 
alcoholic extract..  0,tr,vstr,c 
19 
O,O,O,O,O,ftr,ac 
++ 
O,O,O,O,w,vstr,ac 
19 
i O,O,O,O,O,O,vstr,ac 
+++ 
0,0,0,0,0,w,ac 
19 
O,O,O,O,str,c 
+++ 
O,O,tr,vstr,c 
27 
O,O,O,O,ftr,str,~tJ 
++4- 
O,O,O,O,O,ftr,vstr. 
27 
O,O,O,tr,str,vstr 
+++ 
O,O,O,O,tr,str 
27 
++++ 
O,O,O,O,d,ac 
A  second experiment was  performed similar  to  the  first. 
The  results  presented in  Tables  III  and  IV  agree well with  the 
foregoing.  In  the  experiment with  dead  trypanosomes  7  out  of  8 
animals showed strongly positive Wassermann reactions after 3 injec- 
tions corresponding to 6  to  7 mg.  dry weight 19  days after the  first K.  LANDSTEINER  AND  J.  VAN  DER  SCHEER  475 
injection.  All the sera reacted positively with trypanosome extract. 
Frequently  the  reactions  started  suddenly.  With  lecithin  no  com- 
plement fixation was observed while in the former experiment a  few 
sera gave weak reactions.  Weak or moderate flocculation reactions 
occurred in  some instances  with  lecithin.  The  Sachs-Georgi  tests 
with  Dead  Trypanosomes. 
34 
O,tr,str,ac,c 
+++ 
34 
O,O,w,vstr,c 
++++ 
40 
w,w,vstr,c 
tr 
40 
O,O,w,vstr,c 
++± 
47 
aC)C)C 
ftr 
O,d,str,c 
47 
O,tr,str,ac,c 
++± 
O,d,ac,c 
53 
aC)C)C 
O,d,ac,c 
53 
O,tr,str,ac,c 
O,d,ac,c 
62 
d,vstr, a¢,¢ 
ftr 
tr,str,vstr,c 
52 
O,d,vstr,c 
++ 
O,str~vstr,c 
ran parallel to the Wassermann reaction.  Mter 2 injections, 11 days 
from the beginning of the treatment the fixation tests were already 
positive  in  4  out  of  8  animals  (see  Table III)  with Wassermann 
antigen  and  6  were  positive  with  alcoholic  trypanosome  extract. 
Presumably  the  reactions  with  trypanosome  extract  precede  those 476  WASSERMANN  REAGINS  PRODUCED  BY  TRYPANOSOMES 
TABLE  vii.--Complement  Fixation  Tests  with 
No. of 
animals 
12 
14 
24 
25 
27 
No. of days after infection  ......... 
Wassermann reaction. 
Complement  fixation  with 
extract of trypanosomes. 
No of days after infection  ..... 
Wassermann reaction ..... 
I No. of days after infection  ........ 
Wassermann reaction. 
Complement  fixation  with 
extract of trypanosomes. 
N'o. of days after infection  ......... 
Wassermann reaction ..... 
No. of days after infection  .... 
Wassermann reaction ..... 
No. of days after infection  .... 
Wassermann reaction ..... 
33 
O,O,O,O,vstr,c 
tr,d,str,c 
33 
O,O,O,ac,c 
33 
O,O,O,tr,c 
str,str, vstr,ac,c 
17 
vstr,c,c 
17 
vstr,c,c 
w,d,vstr,ac,c 
47 
O,O,O,O,ac 
d,tr,w,d 
47 
0,0,str,ac,c 
47 
0,0,0,0,0 
d,ftr,O,tr,str 
24 
O,O,O,O,tr,vstr,ac 
24 
O,O~O,O,ac 
16 
str,vstr,vstr,ac,c 
57 
O,O,O,O,O,str,ac,c 
O,O,O,w,vstr,ac 
57 
w,str, vstr, c 
57 
0,0,0,0,0,0,d,c 
ftr,0,0,0,vstr,ac 
32 
O,O,O,O,O,str,c 
32 
O,O,O,ftr,vstr 
22 
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Sera  of Infected  Rabbits  at  Various  Stages. 
70  84  98  175 
O,0,0,O,0,ac  O,0,ftr,vstr,ac,c  0,O,0,tr,c  w,d,str 
O, tr,vstr,ac,c  tr,w,vstr,c,¢  d,w,ac,c  str,c,c 
70  84  98  175 
d,w,vstr,c  O,0,w,ac,c  0,0,0  ~ ftr,tr,str,c 
7O 
0,0,0,0,0,0,vstr 
O,O,tr,vstr,c 
37  43  59  70  145 
O,O,O,O,tr,vstr, c  O,O,O,O,O,str,ac  O,O,O,vstr,c,c  tr,d,vstr, c  c,c,c 
37  43  56  70  145 
tr,0,tr,vstr,c  d,ftr,str,ac,¢  a¢,c,c  c,c,c,c  vstr,ac,ac 
36  50 
0,0,0,tr,ac,c  O,O,O,O,O,vstr,c 
125 
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with  the  heart  extract  in  analogy  to  the  findings  of  F.  Klopstock. 
Regarding these reactions some doubt may arise as to whether or not 
they are due to a fixation of complement with substances derived from 
rat ceils, since the presence of small quantities of these in the injected 
material  could not be avoided.  Control  experiments with rat  blood 
extracts however seem to rule out the possibility that  such an  effect 
influences  the  results  essentially. 
Of the infected animals one failed to develop reagins while in another 
the response was feeble.  Again  the reactions with lecithin  are  well 
pronounced,  those  with  trypanosome  extract  are  weak.  In  some 
cases the latter became strong at a  later  stage  (Table vii,  Animals 
9  and  14).  Positive  reactions  with  alcoholic  trypanosome  extract 
are reported by other authors in trypanosomiasis.  In this and in the 
first set of infections the sera gave a  strong agglutination when mixed 
with  a  suspension  of live trypanosomes.  The phenomenon  was  not 
closely examined.  (Rieckenberg's reaction?) 
For comparison some tests with sera of human and rabbit syphilis 
are given in Table V. 
It may be of interest  to give examples of the changes in the reac- 
tions  occurring  during  the  course  of  the  experiments  (Tables  VI 
and vii). 
One sees from the  tables that  the sera of the animals  which were 
continually injected and also in the infected ones, the antibodies tend 
to decrease or disappear after a certain time.  In some of the infected 
rabbits kept under observation for several months this drop was fol- 
lowed by a recurrence of the reactions  (for instance  Rabbit  12). 
In order to ascertain  that  the effects described are peculiar to the 
antigens  contained  in  trypanosomes,  control  experiments  were  per- 
formed with  other  materials  as,  cholera  vibrios,  emulsions  of  beef 
and pig kidney, and with pig serum,  the same amounts  (in terms  of 
dry weight)  being used for the injections as in the experiments with 
dead trypanosomes.  In  each case 4  rabbits were taken.  Only in  1 
animal did a  distinctly positive Wassermann reaction develop after 4 
injections with beef kidney. K.  LANDSTEINER  AND  J.  VAN  DER  SCHEER  479 
DISCUSSION. 
The main result of the experiments described is  the fact that  the 
sera of rabbits become strongly Wassermann-positive upon injections 
of dead  trypanosomes.  Flocculation  reactions according to  Sachs- 
Georgi corresponded to  the complement fixation. 
The immunization was obtained with small quantities  of  antigen 
and almost regularly.  In this respect the findings resemble those of 
F. Klopstock with Spirocha~ta pallida.  Although injections with other 
materials may occasionally give rise to positive reactions,  2 a peculiar 
quality of the microorganisms studied must be assumed in view of the 
ease with which they induce the production of the reagins.  Equal 
amounts of other substances as vibrios,  organs  and  serum  used in 
control  experiments  yielded  almost  uniformly  negative  results. 
Also the difference in the effects of injections of normal and syphilitic 
organs as demonstrated by Citron and Munk (18)  and recently con- 
firmed by Heimann (19) can be explained more readily by the action 
of  the microorganisms as  such  than  by  the  interpretation  favored 
by  Heimann. 
As mentioned before Sachs, A.  Klopstock and Well attribute  the 
appearance  of  the  Wassermann  reagins  to  an  autoimmunization 
against  tissue lipoids  bound  to proteins of the spirochetes.  A  cer- 
tain difficulty arises for the idea of Sachs and his coworkers from the 
fact that  the method employed in  their experiments calls for an in- 
tensive treatment with large amounts of antigenic material (serum). 
Furthermore their findings do not explain the occurrence of the Was- 
sermann reaction just in cases of syphilis in contradistinction to other 
infectious diseases unless one assume,  as  the authors do,  an excep- 
tional aptitude on the part of the spirochetes to bring forth the anti- 
genic properties of lipoids.  Such an assumption however has not yet 
been substantiated by experimental data.  At first sight  the demon- 
stration of a  particular antigenic activity of the spirochetes and tryp- 
anosomes themselves seems to give  a  more  natural  answer  to  the 
question of the formation of Wassermann reagins. 
2 See  Brandt,  Guth  and  Mtiller  (16),  van  der  Scheer  (17),  Klopstock,  F., 
Deutsch. reed. Woch., 1925,  li,  1701.  In the latter experiments organs were used 
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To be sure, there still remain several aspects of the problem  requir- 
ing further  explanation. 3  If the action  of the Wassermann-positive 
sera  on  organ  lipoids  is  supposed  to  be  a  heterogenetic  reaction 
brought  about  by antibodies  for lipoids  of the microbes one  should 
expect  the  reaction  with  the  latter  to  be  more  intense  or  at  least 
nearly equal in  strength  to the former.  This is true  for the experi- 
ments of F. Klopstock, and for ours as far as they were performed with 
injections of killed  trypanosomes.  On  the  other hand  the reactions 
which we obtained with the sera of the infected animals were generally 
much weaker with trypanosome extracts than with the heart lipoids. 
While the higher dilution of the trypanosome extract, or the fact that 
it was not cholesterolized, may possibly account for the weaker reac- 
tions it does not  explain  the difference between the  two sorts of ex- 
periments,  namely  infection  and  immunization  with  killed  micro- 
organisms.  Another  discrepancy  appears  in  the  tests  with  lecithin 
(complement  fixation  and  flocculation).  These  are  quite  generally 
much  stronger in  the case of the  infected  animals.  We found such 
lecithin  reactions  also  with  syphilitic  sera  of  rabbits.  Positive 
lecithin reactions have been recorded by Sachs as a result of the com- 
bination method. 
Thus  one  may  conclude  that  the  effects are  not  altogether  con- 
formable in both cases; viz.,  treatment  with dead  trypanosomes  and 
infection. 
In  our  opinion,  these  differences  do  not  disprove  the  hypothesis 
that the microbes are the active agent in the formation of the reagins. 
The substances derived from the trypanosomes during  the  infection 
and  those  formed  in  the  disintegration  in  vitro  may  be  somewhat 
different and it is not improbable that  such variations are reflected in 
the response of the animal.  Changes in the method of preparing  the 
antigen  may  suffice  to  alter  the  results,  and  further  investigation 
along  this  line  is desirable. 
Still it cannot  be stated  as yet that  the serological changes occur- 
ring  during  the  syphilitic  infection are due  to  one  single  principle. 
There is for  instance  not  yet  a  definite  explanation  for  the  occur- 
s As for instance the observations on  flocculation reactions with  substances 
other  than  liooids.  (Cf. Weisbach, W., Wa~sermannsche Reaktion,  etc., Jena, 
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rence of positive Wassermann and flocculation reactions in  normal 
animals. 
Mention  may also  be  made  of  the  autohemagglutinins found in 
infections with protozoa  and  of autohemolysins (paroxysmal hemo- 
globinuria),  apparently specific (20, 21)  for human blood in cases of 
syphilis,  though  this  phenomenon  is  rarely  met  with.  Perhaps 
these observations may be indicative of an autoimmunization. 
SUMMARY. 
Since it  is  known  that positive Wassermann  reactions  prevail in 
trypanosomiasis of rabbits, similar to those in syphilis,  trypanosomes 
were used for an inquiry into the cause of this reaction. 
Injections with dead trypanosomes into  rabbits proved that these 
microbes  are  highly  active  antigens  and  suffice  in  themselves  to 
produce strongly positive Wassermann sera, in analogy to the findings 
reported by F. Klopstock with Spirochxta pallida. 
Although a number of questions require further study, yet it  seems 
likely that  this  antigenic activity of  the microbes or  their products 
plays a part in the production of the Wassermann reagins in infections 
with spirochetes and trypanosomes. 
We are indebted to Dr.  John A.  Kolmer for supplying us  with a 
strain of trypanosomes, and to Dr.  Wade H.  Brown and Dr. Louise 
Pearce for the sera of rabbits  infected with syphilis. 
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